INTRODUCTION {#s1}
============

Lack of trunk adjustment ability is one of the problems post-stroke patients have[@r1]^)^. A reduction in the trunk muscle strength on the affected side would result in loss of trunk control[@r2]^)^. Patients with hemiparesis use a protective strategy for their balance control, because of deficits in their muscle strength which result in reduced pelvic mobility[@r3]^)^. In rehabilitation the acquisition of trunk control is prioritized for recovery of postural control, and when postural control has been achieved, the rehabilitation therapy can proceed to treatment of the extremities[@r4]^)^. Patients with hemiparesis show less center of pressure (COP) displacement than healthy persons, particularly in the anterior direction. Less displacement of COP with less weight bearing on the feet results in less displacement of center of mass (COM) during trunk flexion in persons with hemiparesis. Patients after a stroke have difficulties in controlling their COM within their base of support (BOS). Posterior tilting of the pelvis during trunk movements is used in compensation strategies. This limits the functional performance, for example, a decreasing range of motion and causing stiffness. Contributory factors which need to be improved are postural tone regulation, in particular in the extensor antigravity musculature and accurate foot placement[@r5]^)^. Recently, the lumbar, thoracic and sacral spinal curvatures and ROM have been measured using a new computer-aided skin surface device (Spinal Mouse)[@r6]^)^. Clinical observations suggest the ability to extend the toes contributes to selective dorsiflexion[@r7]^)^. The human body is comprised of many interconnected body segments from the feet to the head. Thus, a problem in one segment may influence the alignment of the other body segments. Therefore, an intervention which focuses on proper alignment in the one-leg stance of the affected side of the body would influence the antigravity muscles of the trunk, aligning the trunk closer to the line of gravity, and not only antigravity muscle contraction but also range of motion of the hip joint and spine would be improved. Moreover, trunk function and sensory input would be better after performing the intervention. The results of this study show the importance of trunk mobility, which should be considered as a priority in treatment and they also suggest that foot activation is related not only to sensory input but also to trunk alignment.

SUBJECTS AND METHODS {#s2}
====================

This study was performed to determine the effects of activation of the foot on the trunk mobility of patients with hemiplegia. This study was conducted with 2 groups. There were 12 males (75%) and 4 females (25%) in the immediate group (IG), and 11 males (78.6%) and 3 females (21.4%) in the 2-month group (2MG). The mean ages of each group were 60 in IG and 56 years old in 2MG. The mean time since stroke onset was 13 months in IG and 29 months in 2MG. Nine patients had left hemiplegia and 7 patients had right hemiplegia in IG. There was no significant difference in the 2 groups, in general characteristics. The subjects provided their written informed consent to participation in this study which conformed to the ethical principles of the Declaration of Helsinki. The subject inclusion criteria were: unilateral stroke with hemiparesis; medically stable; no medical contraindication to gait; dorsiflexion of less than 8 degrees[@r8]^)^; and ability to understand the test procedures. The exclusion criteria were: active implants (e.g. pacemaker), peripheral neuropathy, orthopedic problems, pregnancy or an acute diagnosis. The subjects in IG were recruited at D hospital in Jeonjoo and the assessments were completed on Sundays, a total of 8 times, from 27 January to 31 March, 2013. The subjects in 2MG were recruited at D hospital in Daejoen. They were assessed and received the same intervention from 9 June to 18 October 2013. The intervention was the same as that conducted for IG, 3 times a week for a total of 8 weeks. All the recruited subjects gave their informed consent before participating in the study. Tests were conducted immediately before and after the intervention for both IG and 2MG. This study assessed trunk alignment and sensory input. The Spinal Mouse (Idiag, Volkerswill, Switzerland) and Trunk Impairment Scale (TIS) were used to evaluate spinal range of motion (ROM) and the trunk mobility, respectively, and Touch-Test Sensory Evaluators (Semmes-Weinstein Monofilaments) were used to evaluate Sensory input. The assessment of trunk ROM using the Spinal Mouse was performed as described in a previous study[@r9], [@r10]^)^. TIS is composed of three subscales: static sitting balance, dynamic sitting balance, and co-ordination. The score of TIS ranges from 0 to 23[@r11]^)^. The Touch-Test Sensory Evaluators (Semmes-Weinstein Monofilaments) give a non-invasive assessment of tactile sensation levels throughout the body[@r12]^)^.

In this study the period following the intervention was called "Activation of the Foot" as an operational definition[@r7]^)^ ([Figs. 1](#fig_001){ref-type="fig"}Fig. 1.Tactile stimulation, [2](#fig_002){ref-type="fig"}Fig. 2.Distraction of the 1 and 5 toes, [3](#fig_003){ref-type="fig"}Fig. 3.Guiding dorsiflexion).

All data were analyzed using SPSS version 18 (Statistical Package for the Social Science). The Kolmogorov-Smirnov test was used to test the normality of data distributions. All data are presented as the mean with standard deviation (SD). Variations in spinal parameters obtained by Spinal Mouse and parameters of TIS and the Sensory test within each group were tested with the paired t-test. The level of significance used for all statistical tests was α=0.05.

RESULTS {#s3}
=======

After the intervention, the lumbar lordotic angle of the immediate group (IG) showed a significant reduction when extending the spine in an upright position. The 2-month group (2MG) also showed a reduced lumbar spinal lordotic angle but the reduction was less than that in IG. Sacral hip (SH), lumbar spine (LS) and thoracic spine (TS) angles of IG improved significantly, but not that of inclination (I). 2MG also showed increased angles of SH, LS and I, but not TS. However, in the comparison of the results of IG and 2MG, the angles of 2MG were much bigger because of improved sensory input and the frequency of the intervention. Both groups had increased TIS Static scores but the difference was not significant. However, the TIS Dynamic, TIS Coordination and Sensory test results of 2MG increased significantly ([Tables 1](#tbl_001){ref-type="table"}Table 1.Within-group changes in spinal range of motion in the sagittal plane while standing (N=30)(˚)IG (n=14)2MG (n=16)PrePostPrePostU-FSH50.38±15.1551.97±16.2933.79±25.8236.25±21.73^\*\*^TS−2.00±30.9412.06±15.267.86±9.5616.21±15.18LS45.31±14.4043.38±13.0532.21±19.0641.79±18.07^\*\*^I92.22±21.0293.38±21.7563.57±37.5274.46±34.96^\*\*^U-ESH−2.66±9.21−4.44±10.010.96±7.43−1.43±5.00^\*^TS−5.41±14.08−4.22±10.39−4.64±8.75−10.21±11.25LS−8.06±10.00−1.31±10.16^\*\*^−7.25±10.53−3.75±7.34^\*\*^I−10.97±4.29−6.25±13.46−6.29±4.76−6.82±4.41^\*^F-ESH52.94±16.2757.84±17.89^\*^32.71±23.9037.64±21.80^\*\*^TS3.28±24.2416.78±16.87^\*^12.43±10.7526.36±13.95LS53.25±15.0045.97±14.79^\*^39.46±21.8245.68±21.57^\*\*^I103.13±21.54102.34±24.7869.93±40.7081.21±38.10^\*\*\*^p\<0.05, ^\*\*^p\<0.01, mean±SD. SD: Standard Deviation; SH: Sacral Hip; TS: Thoracic Spine; LS: Lumbar Spine; I: Inclination; U-F: Upright-Flexion; U-E: Upright-Extension; F-E: Flexion-Extension; IG: Immediate Group; 2MG: 2-month Group and [2](#tbl_002){ref-type="table"}Table 2.Changes in TIS and sense of the affected side foot in each group (N=30)TIS_StaticTIS DynamicTIS CoordinationPrePostPrePostPrePostIG (n=14)6.44±0.636.63±0.506.38±2.288.25±1.98^\*\*^3.13±1.453.69±1.492MG (n=16)5.64±1.015.86±1.035.57±2.798.64±2.02^\*\*^1.50±0.942.64±1.01^\*\*^mmDorsal sensory1-toe sensory5-toe sensoryPrePostPrePostPrePostIG (n=14)4.23±1.094.10±0.894.23±0.884.20±1.144.67±1.274.23±1.15^\*^2MG (n=16)5.09±1.033.98±0.39^\*\*^5.07±1.043.95±0.41^\*\*^5.02±1.103.88±0.38^\*\*\*^p\<0.05, ^\*\*^p\<0.01, mean±SD. SD: Standard Deviation; IG: Immediate Group; 2MG: 2-month Group; TIS: Trunk Impairment Scale).

DISCUSSION {#s4}
==========

In terms of range of spinal motions, the subjects in IG extended the range of spinal motions of SH, TS and LS. There were also improved range of motions of SH, LS and I in 2MG. In previous studies, there were significant decreases in mobility of the lumbar spine and spinal inclination of the falls groups compared to the no-falls group[@r13]^)^ and to elderly people[@r14]^)^. The intervention, which was focused on restoring ankle joint dynamic stability, influenced the total range of motion of SH and LS in both IG and 2MG. Importantly, this facilitated the foot and ankle joint, changing the range of motion of the lumbar spine and hip joint. It is notable that even subjects in IG who received treatment only once showed improvement, even though the increase in the range of motion was not as large as in 2MG. In our lives, human beings live with gravity, and erecting the spine against gravity is crucial for making efficient movements and preventing falls. Optimal postural control is achieved by using an ankle strategy and aligning the spine with the mid-line of the body. The subjects in 2MG realigned the body closer to the line of gravity. Significant differences in TIS dynamic and TIS coordination results were observed in this study. In previous studies, analysis of weight distribution between the buttocks and the feet showed that patients with hemiparesis had a tendency to maintain more weight on the buttocks and less weight on the matching active foot/feet depending on the direction of movement[@r3]^)^. This shows that, it is not easy for people with hemiparesis to use the upper extremities or trunk because center of mass of the body is located more posteriorly than in healthy subjects. Thus, the reason why TIS dynamic and coordination improved in this study was that the subjects regained the ability to place both feet on the floor and erect the trunk with the spine better aligned against gravity allowing then to move their upper arm and trunk to the affected side and move the contralateral upper limb with the ipsilateral lower limb at the same time. A previous study suggested weakness and sensation are the most significant factors affecting postural control. That study showed there was a significant difference between a group of people who could sit or stand[@r15]^)^. Achieving standing balance and resolving motor and sensory deficits is a significant aspect of the rehabilitation process for patients with stroke. Such patients usually present with reduced tactile sensation. Niam et al.[@r16]^)^ found a positive relationship between sensation and deficit in postural control. Persons with hemiparesis scarcely use their affected foot for weight bearing during trunk movement and reaching tasks[@r17]^)^. It has been suggested that people without any disorders adjust balance by themselves using the support surface with somatosensory information coming from the feet. It is possible that trunk movements are affected by lower limb sensory deficits.[@r3]^)^ In this study, the test of tactile sense of the affected foot showed that there were significant differences after intervention in all areas of the affected foot e.g. dorsal, 1-toe and 5-toe, in 2MG. After 2 months of intervention the subjects had improved sensory input at the affected foot. Therefore, 2 months is sufficient time to increase the tactile information the affected foot receives. However, the present results cannot be generalized because of the small number of patients in this study. Future research should perform surface electromyography to verify the activation of the muscles around the ankle joint and the hip joint after the intervention and recruit with more subjects.
